that most of the blastocysts had an inner cell mass (10/12) and a blastocoele. Under transmission electron microscopy, the trophectoderm appeared well differentiated as a polarized epithelium with apical microvilli and lateral junctions including desmosomes with bound intermediate filaments. The cytoplasm sometimes contained immature mitochondria or a large number of residual bodies. About half of the blastocysts examined had a large amount of cellular debris in the perivitelline space or inside the blastocoele cavity. The cloned blastocysts were also able to hatch in vitro by day 8 and SEM indicated a normal morphology of the trophectoderm cells with numerous apical microvilli. The high number of excluded or degenerating cells found in some embryos may partially explain early embryonic mortality that follows transfer. However, these observations do not give a clear explanation for (Bondioli et al, 1990; Willadsen et al, 1991; Chesne et al, 1993 (Heyman et al, 1994) . This may indicate that the quality of the transferred blastocysts is suboptimal. There are no reports on the cellular evaluation of nuclear transfer bovine embryos at the time of their transfer into the recipient uterus. Most ultrastructural studies focused on nucleolar morphology after transfer of the nuclei (King et al, 1992) or on the first cleavages after fusion (Kanka et al, 1991 To our knowledge no ultrastructural observation has been undertaken at the blastocyst stage to evaluate the normality of the inner cell mass and trophectoderm of bovine blastocysts after nuclear transfer and development when it occurs exclusively in vitro. The aim of this study was to fill this gap in knowledge.
MATERIALS AND METHODS

Production of nuclear transfer embryos
Nuclear transfer embryos were reconstituted from in vitro matured oocytes, which were enucleated, aged in vitro and cold-treated before fusion with blastomeres from in vivo produced morula according to the technique previously described (Chesne et al, 1993) .
Briefly, the recipient cytoplasms were prepared after a 24 h in vitro maturation of cumulus oocyte complexes from 2-6 mm follicles collected from slaughterhouse bovine ovaries. After dechoronization, metaphase II oocytes were stained with Hoechst dye (HO 33342, 0.5 pg/ml) and enucleated by micromanipulation under low level fluorescence microscopy as described for rabbit nuclear transfer (Heyman et al, 1990) . The cytoplasts were then aged in vitro for another 12 h and stored at low temperature (10°C) until fusion with blastomeres isolated from freshly collected day 6 morulae (Chesne et al, 1993) .
Fusion between the recipient cytoplast and the embryonic cell was achieved by electrostimulation (fig ia) . Some nucleated cells were excluded from the blastocysts and presented very immature mitochondria (fig 1 b) . In about half of the blastocysts analysed (table I), the trophectoderm cells contained numerous cytoplasmic inclusions indicating a degenerative process (fig 2a) . They also contained excessive cellular debris in the perivitelline space or inside the blastocoele cavity (fig 2a, b, c) . figure 4a, b where extrusion of trophectoderm occurred at 2 different places in the zona. Hatched blastocysts showed an apical surface regularly and completely covered with microvilli (fig 4c) .
DISCUSSION
The present results show that the trophectoderm is effectively differentiated in almost all cases of bovine blastocysts (defined by the presence of a blastocoele), developing in vitro after nuclear transfer.
In the blastocysts showing the best morphology, the trophectoderm appears normal with polarized epithelial morphology.
The main characteristics of the cells are the apical distribution of microvilli (polarization) and the presence of desmosomes located in the lateral plasma membranes and binding cytoplasmic filaments the size of intermediate filaments. These observations are similar to that of normal bovine blastocysts developed in vivo (Betteridge and F16chon, 1988) . The presence of apical junctional complexes (tight junctions, adherent junctions and desmosomes) between adjacent trophoblast cells is also characteristic of the blastocysts of a large number of mammalian species (Enders, 1971) and is a necessary condition for the establishment of the blastocoele cavity (review by F16chon and Guillomot, 1992) .
In poor quality embryos, signs of trophectoderm anomalies in progressive order are: presence of cytoplasmic inclusions resembling small secondary lysosomes or large residual bodies containing degenerate cell parts; and the occurrence of excluded cell debris in the perivitelline space. The latter cells probably escaped the phenomenon of eventual compaction through a lack of cell adhesion molecules such as E cadherin or uvomorulin (Takeichi, 1988) and still contain mitochondria of the oocyte type (Brackett et al, 1980) .
In good quality embryos, the ICM cells appeared as non-polarized adherent cells similar to that described for normal, in vivo, day 7 blastocysts (Linares and P16en, 1981; Massip etal, 1981) . In fair quality embryos, the ICM cells contain varying indications of degeneration which may be the consequence of suboptimal culture conditions compared to the in vivo microenvironment. In the pig species, some major ultrastructural deviations of the embryo such as nucleolus-like structures found outside of the nuclei in the cytoplasm, are induced by in vitro culture (Hyttel and Niemann, 1990) .
In poor quality embryos, the blastocoele contained various amounts of cellular debris.
Such signs of degeneration as detached cells and cell remnants in the blastocoele cavity have been observed in rabbit embryos after asynchronous transfer (Fisher, 1989 Guillomot, 1992) . Most of the residual bodies observed in this study contain parts of cells or whole cells in the process of degenerating. It is possible that cell degeneration is a normal feature of blastocyst development, particularly during its expansion phase (Carnegie et al, 1985 
